[NAME OF THE DOCUMENT] Specification 


[title of the invention] "HOLE INSPECTION SYSTEM FOR A 
PIERCED CONTAINER" 

5 

[TECHNICAL FIELD] 
[0001] 

The present invention relates to a hole inspection system for a 
10 pierced container for inspecting an outwardly opened hole formed in a 
flexible container. 

[BACKGROUND ART] 

15 [0002] 

The above-noted hole inspection system for the pierced 
container is utilized, for example, for inspecting whether or not an 
instillation hole formed in an eyedropper made of resin has an 
appropriate size. More particularly, the eyedropper, in use, is pressed 

20 from outside to discharge a medical fluid contained within the container 
from the instillation hole. At this time, if the size of the instillation 
hole is too large, there is a chance that the medical fluid may be 
discharged more than the volume which is reqxiired. On the contrary, 
if the size of the instillation hole is too small, a great force is required to 

25 discharge the medical fluid, which would take time for discharging the 
fluid. Thus, it is required that the instillation hole should be formed to 
have an appropriate size in order to avoid such disadvantages. 
[0003] 

Techniques that have been made public as related art of the 
30 hole inspection system according to the present invention will be 


2 


described next, though they are not intended for inspecting the size of 
an instillation hole of a container. They are a technique of inspecting 
leakage by pressing a capped container as sealed by a sealing member 
at peripheries of an opening to detect an air pressure leaking &om the 
5 opening (see Patent Document l), and a technique of inspecting, in a 
process of manufacturing a nipple of a feeding bottle, whether or not a 
sucking hole of the nipple is appropriately formed, based on an air flow 
amount, which is carried out by suppl3dng compressed air to an interior 
of the nipple after the sucking hole of the nipple is opened and then 
10 measuring the amount of air discharged from the sucking hole (see 
Patent Document 2). 
[0004] 

Patent Document l: Patent Publication No. 7-72033 
Patent Document 2: Patent Publication No. 9-122208 

15 

[DISCLOSURE OF THE INVENTION] 
[PROBLEM TO BE SOLVED BY THE INVENTION] 
[0005] 

The above-noted prior art is not capable of inspecting the hole 
20 size of the flexible pierced container. If a maximum value of the 
pressure of a gas blown out through the hole is obtained as well, it may 
be possible to inspect the hole size based on the value. However, in this 
case, the pressure value changes over time, which could hinder an 
appropriate inspection of the hole size. 
25 [0006] 

The present invention has been made having regard to the 
above-noted problem, and its object is to provide a hole inspection 
system for inspecting a pierced container, in which an appropriate 
inspection for the hole size of the flexible pierced container can be 
30 performed with a simple construction. 
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[MEANS FOR SOLVING THE PROBLEM] 
[0007] 

A first characteristic feature to achieve the above object of the 
5 hole inspection system for the pierced container according to the present 
invention lies in that the flexible container is pressed from outside to 
blow out a gas present within the container through the hole thereby to 
detect a jet pressure of the gas blown out through the hole by the 
pressing operation and to determine the size of the hole by comparing a 
10 detected value of the jet pressure in a predefined period while the jet 
pressure is rising with an upper limit pressxire value corresponding to a 
maximum size of the hole and a lower limit pressure value 
corresponding to a minimum size of the hole. 
[0008] 

15 That is, the jet pressure of the gas blown out through the hole is 

detected while the flexible container having the outwardly opened hole 
formed therein is pressed from outside to blow out the contained gas 
through the hole, and the size of the hole is determined based on a 
comparison of the detected value of the jet pressure in the predefined 

20 period whfle the jet pressxire is rising, with the upper limit pressure 
value corresponding to the maximum size of the hole and the lower limit 
pressure value corresponding to the minimum size of the hole. 
[0009] 

As described above, in the hole inspection system for the pierced 
25 container according to the present invention, it is possible to enhance a 
rehability of the determination of the hole size by setting the predefined 
period noted above to the period while the jet pressure of the gas blown 
out through the hole is rising, namely the period during which a 
difference is distinctly recognized between the upper limit pressure 
30 value corresponding the permissible maximum size of the hole and the 
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lower limit pressure value corresponding the minimum size of the hole. 

Further, since the contained gas is blown out by pressing the 
container per se, the system can dispense with any device for injecting 
compressed air into the container from outside for the inspection, which 
5 can simplify the inspecting construction as well. 

Hence, the present invention provides the hole inspection 
system for the pierced container which is capable of performing a proper 
inspection for the hole size of the flexible pierced container with a 
simple construction. 
10 [0010] 

A second characteristic feature of the system according to the 
present invention lies in that, in addition to the first characteristic 
feature, a pressure chamber is formed by a member making tight 
contact with container outer peripheries around the hole communicating 
15 with the hole, thereby to detect a pressure within the pressure chamber 
as the jet pressure of the gas. 
[0011] 

More particularly, when the gas contained in the container is 
blown out through the hole, the jet gas is retained in the pressure 

20 chamber communicating with the hole. Thus, the pressure within the 
pressure chamber is raised while the pressure of the jet gas is 
restrained from lowering. The increased pressure in the pressure 
chamber is detected as the jet pressure of the gas. 

Therefore, whether or not the hole is appropriate is determined 

25 based on the pressure value of the jet gas whose pressure is restrained 
from sharp lowering by the pressure chamber. Thus, the present 
invention provides an effective mode of the hole inspection system for 
the pierced container, which allows a proper hole inspection even under 
the conditions where the pressure of the jet gas is extremely small. 

30 [0012] 
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A third characteristic feature of the system according to the 
present invention lies in that, in addition to the first and second 
characteristic features noted above, the pressing operation is executed 
with a medical fluid being present within the container. 
5 [0013] 

More particularly, when the pierced container is intended to be 
used by pressing the container to discharge the medical fluid contained 
in the container through the hole, the size of the hole is properly 
inspected under the condition similar to the condition for use of the 

10 container. Also, it is possible to perform the hole inspection with the 
container held in the same state, after a preceding process is executed to 
form the hole in an upper portion of the container or the Uke with the 
medical fluid being present within the container. This is suitable for the 
hole inspection in an assembly line of the pierced containers containing 

15 the medical fluid. Further, a pressing force is transmitted with certainty 
to the gas by the medical fluid contained in the container even when a 
certain distance exists between the pressed portion of the container and 
the hole. As a result, it is possible to reduce the influences of a 
contraction of the gas caused by the pressing operation or an expansion 

20 of the gas occurring with temperature variations, which can prevent 
misjudgments. 

Therefore, the present invention provides another effective 
mode of the hole inspection system for the pierced container such as an 
eyedropper containing an eyedrop medicine. 

25 

[BEST MODE FOR CARRYING OUT THE INVENTION] 
[0014] 

An embodiment of a hole inspection system for a pierced 
container according to the present invention will be described 
30 hereinafter with reference to the drawings, taking an example of being 
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applied to a hole inspection of an instillation hole of an eyedropper made 

of resin. 

[0015] 

In the hole inspection system for the pierced container 
5 according to the present invention, as shown in Fig. 1, while a flexible 
container 1 defining an outwardly opened hole la is pressed from 
outside to blow out a gas A contained in the container through the hole 
la, a jet pressure of the gas A is detected by a pressure sensor 4. The 
detected value of the jet pressure is compared with an upper limit 

10 pressure value corresponding to a maximum size of the hole la and a 
lower limit pressure value corresponding to a minimum size of the hole 
la in a predefined period while the jet pressure of the gas A is on the 
increase, and thereby to determine the size of the hole la. A specific 
explanation will be provided below. 

15 [0016] 

Fig. 1 is a schematic overall construction view of an inspection 
unit used for the hole inspection system for the pierced container 
according to the present invention. The eyedropper 1 which is 
vertically elongated is placed in vertical posture on an inspection table 7. 
20 More particularly, a medical fluid L is present in a lower portion within 
the container, air A is present in an upper portion within the container, 
and the hole la is positioned at a top portion of the container. 
[0017] 

Next, an inspection head 2 descends fi'om the upside of the 
25 container 1 into tight contact with container outer-peripheries lb 
around the hole la at the upper portion of the container, and thereby to 
form a sealed presstire chamber 3 communicating with the hole la 
between the container 1 and the inspection head 2. The portion of the 
inspection head 2 contacting with the container outer-peripheries lb is 
30 made of silicon resin acting as a sealing member. The pressure 
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chamber 3 defined within the inspection head 2 conducts to the pressure 
sensor 4 through a conduit 8. Detection signals from the pressure 
sensor 4 are inputted to a display/determination device 10. That is, the 
pressure chamber 3 is formed communicating with the hole la by the 
5 member 2 (inspection head 2) in tight contact with the container 
outer-peripheries lb around the hole la, thereby to detect the pressure 
within the pressure chamber 3 as a jet pressure of the gas A. A filter 5 
is provided in an intermediate position of the conduit 8 in order to keep 
the container 1 in an aseptic condition. The display/determination 
10 device 10 includes a display screen 10a for displaying the pressure 
detection signals, and various control buttons 10b. 
[0018] 

The container 1 is pressed at side walls Ic thereof by a pair of 
chucks 6, for the pressure sensor 4 to detect the jet pressure of the air A 

15 contained in the upper portion of the container and blowing out through 
the hole la. More particularly, the container 1 is pressed with the 
medical fluid L being present within the container 1. The performance 
of the pressure measurement may desirably be selected up to 2000 
times/second. The results of the measxirement are displayed on the 

20 display/determination device 10. The conditions set are such that the 
width pressed by the chucks 6 is approximately 10mm when the 
container 1 is approximately 20mm in diameter, and the pressure to be 
applied is 0.5 Mpa. The pressing force against the container 1 is 
removed when the measurement is completed. 

25 [0019] 

Fig. 2 shows results of jetting experiments carried out on a 
large diameter-test hole la corresponding to a permissible maximum 
size of the hole and a small diameter-test hole la corresponding to a 
permissible minimum size of the hole. As understood firom the graph, a 
30 pressure detection signal BP of the large diameter-test hole la describes 
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a wave pattern indicating that, after the gas starts to blow out, the 
pressure value increases sharply to reach a peak, and then lowers 
gently. On the other hand, in the case of a pressure detection signal SP 
of the small diameter-test hole la, the pressure value gently rises after 
5 the gas starts to blow out to become eventually higher than the pressure 
value of the large diameter-test hole la. 
[0020] 

Then, the detected value of the jet pressure is compared with an 
upper limit pressure value UL corresponding to the maximum size of 
10 the hole la and a lower limit pressure value LL corresponding to the 
minimum size of the hole la in a predefined period while the jet 
pressure is rising (specifically between 7ms and 20ms after the gas 
starts to blow out), thereby to determine the size of the hole la. 
[0021] 

15 More particularly, a pressure value smaller by a predetermined 

value than the pressure detection signal BP of the large diameter-test 
hole la is defined as the upper limit pressure value UL, and a pressure 
value larger by a predetermined value than the pressure detected value 
SP of the small diameter-test hole la is defined as the lower limit 

20 pressure value LL. The hole size is determined appropriate only when 
the pressure value of the gas blown out through the hole la under 
inspection stands between the upper limit pressure value UL and the 
lower Hmit pressure value LL throughout the predefined period 
(between 7ms and 20ms after the gas starts to blow out) as seen fi*om a 

25 curve "a" in Fig. 2. On the other hand, the hole size is determined 
inappropriate when the pressure value of the gas blown out through the 
hole la under inspection deviates fi-om the range between the upper 
limit pressure value UL and the lower limit pressure value LL even in a 
part of the said predefined period. For example, the pressure value 

30 falls below the lower limit pressure value LL at the beginning of the 
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said predefined period in the case of a curve "b" in Fig. 2, and the 
pressxire value exceeds the upper limit pressure value UL at the end of 
the said predefined period in the case of a curve "c" in Fig. 2. In these 
cases, the hole is determined to have an inappropriate size. 
5 [0022] 

[Other Embodiments] 

In the foregoing embodiment, the predefined period for 
determining the size of the hole la is set between 7ms and 20ms after 
the gas starts to blow out. However, a different period may be set as 

10 appropriate. Further, the predefined period for determining the size of 
the hole la need not be a certain period of time, but may be set to a 
certain point of time (an instant) after the gas starts to blow out. Then, 
it may be determined whether or not the pressure value of the jet gas 
falls between the upper limit pressure value UL and the lower limit 

15 value LL at that point of time after the gas starts to blow out. 
[0023] 

In the foregoing embodiment, the pressure within the pressure 
chamber 3 formed by the member 2 in tight contact with the container 
outer-peripheries lb around the hole la is detected as the jet pressure of 
20 the gas blown out through the hole la. Instead of forming the pressure 
chamber 3, the pressure of the gas blown out through the hole la may 
be directly detected by setting a detecting plane of the pressure sensor 4 
close to the hole la. 
[0024] 

25 In the foregoing embodiment, the hole inspection system for the 

pierced container according to the present invention is applied to the 
inspection of the instillation hole of the eye dropper. The system is 
applicable to hole inspections of various other pierced containers. 

30 [BRIEF DESCRIPTION OF THE DRAWINGS] 
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[0025] 

[Fig. l] Overall construction view of an inspection unit used 
in a hole inspection system according to the present invention. 

[Fig. 2] Waveform graphic representation showing pressure 
5 detection signals of a jet gas. 

[DESCRIPTION OF THE REFERENCE SIGNS] 
[0026] 
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